ABSTRACT
INTRODUCTION
As Sir Ove Arup once said, "Engineering problems are under-defined, there are many solutions, good, bad and indifferent. The art is to arrive at a good solution. This is a creative activity, involving imagination, intuition and deliberate choice." Thus, creativity in engineering design is important because it can influence the overall quality of the generated design [1] . In general applications, creativity has been defined as novel thinking as well as the ability to produce work that is novel and appropriate [2, 3] . In the idea generation process, creativity has been studied in terms of fluency of ideas [4, 5] , and the novelty, resolution, elaboration, and synthesis of a product [6] . Additionally, Christiaans [7] found that creativity affected the frequency of data collection and information processing in industrial designers. Creativity has also been studied in the field of engineering design in terms of ideation effectiveness, which is more specific to the design process. Research by Shah et al. [8] evaluated idea generation methods using multiple measures of creativity, such as novelty, quality, quantity, and variety. On a broader scale, creativity is often widely regarded as an essential skill for a successful engineering career [9] . Therefore, it is important to study creativity as it applies to engineering design, by understanding the factors that influence creativity, as well as the ways in which it can be quantified.
One way we can quantify creativity in the idea generation process is by measuring design novelty. Previous studies have used design novelty to evaluate creativity in the idea generation process [2, 3, 6] , often times considering them one in the same [4, 5] . Therefore, understanding novelty in engineering design is important because it will help expand the understanding of the design process and help identify methods that can be used to increase the novelty of developed ideas. Previous studies have explored the effects of product dissection activities on creativity and have found that product dissection positively impacted creativity [10] . However, since creativity was studied in terms of quantity of ideas, and not novelty, it is still unclear if or how product dissection activities will impact the novelty of generated designs. Furthermore, although product dissection has been studied in team environments, individual factors such as the personality traits of the team members was not explored for its relation to the exposure to the dissection activity. This is important because the unequal exposure to the dissection activity may impact the novelty of the generated designs. Therefore, the purpose of this study is to contribute to the overall understanding of design cognition by examining how team-based dissection activities influence the novelty of generated designs.
Design Novelty
Previous studies on design novelty have built the foundation for this current research. Novelty, as it relates to design idea generation, has been studied in many contexts, and across multiple fields. In particular, psychologists often relate novelty to creativity, sometimes considering them one and the same [4, 5] . Shah et al. [8] define novelty as "a measure of how unusual or unexpected an idea is compared to other ideas". Thus, novelty is important for expanding the design space [1] , and has been shown to result in better design outcomes [11] . On a broader note, novelty can be seen as the foundation of innovative work, important in moving the field forward and generating useful solutions for society.
In engineering design, the novelty metric is often used in conjunction with other metrics such as variety, quality, and quantity of designs to characterize creativity and to evaluate the performance of an ideation process. This is useful in comparing the effectiveness of various idea generation techniques, and improving the understanding of design cognition. Therefore, not only can novelty be used as a measure to qualify the generated designs, but can also be used to evaluate the idea generation process and methods used. This is important because the outcome of idea generation is impacted by both the designer's attributes and the design tools used. In Shah et al.'s [1] foundational work on novelty, ideas are characterized as novel if it addresses a function that is not addressed by other ideas within the sample of design ideas, and not as novel if it addresses a function that is common within the sample of design ideas. In other words, the novelty metric is "essentially a measure of whether the exploration occurred in areas of the design space that are well-travelled or little-travelled" [12] .
Other studies have looked at the idea generation support tools or techniques that help to maximize the novelty of each generated idea. The C-Sketch technique involves collaborative sketching activities where multiple designers pass the generated ideas around a table, modifying, editing, or deleting elements of the previously sketched design. C-Sketch has been shown to be an effective ideation technique, outperforming other ideation techniques in terms of novelty [13] . Other novelty maximizing techniques used in engineering design include Brainstorming [14] , Brainsketching [15] , and Gallery [15] techniques. While numerous studies have been conducted to validate these idea generation techniques and their impact on novelty, other more hands-on approaches, such as product dissection, have not been studied for their impact on novelty to the same extent. In addition, product dissection is a widely used practice in engineering design, making it ideal for studying design novelty as it occurs in situ.
Product Dissection
Product dissection is often utilized during the design process as a way to systematically uncover opportunities for redesign [10] . Designers take apart or analyze all components and subcomponents of a product [16] , adding to the understanding of its structure and properties, and uncovering opportunities for product improvement [17] . Ultimately, the goal of dissection is to improve the maintainability and reliability of a product, implement new technologies, and increase the functionality of the product [18] through the examination, study, capture, and modification of existing products. As such, the role of product dissection in design is important in enhancing the design process and improving the value of the generated designs.
The benefits of product dissection activities are realized in both industry and academia. At the industry level, companies perform product dissection to provide competitive benchmarks and gain knowledge and insight of a particular product. At the educational level, product dissection provides students insight into industry practice [17] and 'hands-on' experience [19] . One study on dissection has shown that students that perform product dissection in a team environment are more creative, develop more ideas, and explore both the form and function of a design compared to those that do not [10] . Contrary to prior work on Design Fixation that states that exposure to examples have the potential to limit the novelty of the generated ideas [20, 21] , product dissection activities encourage a deeper understanding of the product and exploration of the design space, as was discussed above. This has been shown to result in better design outcomes [11] , suggesting that product dissection could have a constructive effect on design novelty, and has implications for designers beyond the classroom setting. In addition, the literature shows the successful implementation of product dissection activities in engineering design classrooms and highlights the growing importance of hands-on experiences in engineering education [16, 17, 22] . This is important because it contributes to the overall understanding of the design process as it is implemented in industry, and can help improve the design outcomes in various settings.
Although these studies highlight the utility of product dissection activities during the design process, they neither investigated how this type of activity affects design novelty, nor how individual factors such as personality mediates involvement in dissection activities. In this paper, we respond to this research gap.
Team Performance and Personality
Although product dissection may be a useful tool for increasing design novelty, it is often conducted in a team environment, and therefore, all team members may be affected differently by the dissection activity due to team involvement. This unequal involvement in design activities could be attributed to individual factors such as personality, which could result in varying levels of design novelty based on their exposure to the dissection activity. However, the role of personality traits on design novelty and team product dissection activities has not been explored in the literature. Therefore, it is important that we study personality attributes as they relate to the exposure to the dissection activity and the resulting novelty of ideas.
The Big Five Factors of Personality (Five Factor Model) framework developed by Costa and McCrea [23] is used extensively in the literature, and is recognized as a reliable measure of personality. Other measures of personality often used in the engineering design classroom setting include the Meyers-Briggs Type Indicator (cite) that assesses learning styles. However, the Five Factor Model was used for this study because it was easier to administer, and has been shown to have significant overlap with the MBTI method of personality assessment [24] . The Five Factor Model states that personality has five dimensions: Neuroticism, Extraversion, Openness, Agreeableness, and Conscientiousness. These attributes have been shown to play a significant role in small team performance [25] , a setting that is common in engineering design. For instance, those that score high on agreeableness tend to engage in teamwork, are more cooperative, and have a higher quality of personal interaction, while those who score high in neuroticism often do not cooperate in a team environment [26] . The extraversion personality trait has also been positively linked to successful team performance [27] , while conscientiousness has been shown to be negatively correlated with social loafing [28] , a behavior within groups to deliberately withhold effort [29] , resulting in unequal contributions to the team. Therefore, we hypothesize that personality attributes will affect team dynamics and social loafing, and thus, individual exposure to the product dissection activity.
The purpose of this study is to assess how personality traits affect team performance and exposure time in a product dissection activity. This is important because personality is hypothesized to impact the individual's exposure to the dissection activity, and hence, the novelty of the generated ideas. Thus, because personality impacts the overall design process [30] , examining the role of personality in engineering design can enhance the design process and add to our understanding of design cognition.
Research Objectives
The purpose of this study is to explore the interaction between product dissection activities, personality traits, and novelty of the generated designs. We hypothesize that the exposure to the dissection activity will impact design novelty. Personality traits are also anticipated to affect this exposure to the dissection activity. As a result, our final hypothesis is that personality traits are directly related to design novelty. Therefore, to test these hypotheses, an experiment was conducted in a first-year engineering design classroom involving a product dissection activity and a re-design of an electric toothbrush. The results obtained from this study will be used to contribute to the understanding of how team-based dissection activities influence design novelty, and to identify new research paths that extend the knowledge of increasing design novelty, even in a team environment.
METHODOLOGY Participants
The participants in this experiment were undergraduate students in a first year engineering design course at the Pennsylvania State University. There were 55 students (43 male, 12 female) from 3 different sections of the course, each of which had 4-member design teams. Personality measures for each participant were captured prior to the start of the study using the short Five Factor Model (FFM) online questionnaire (Short Form for the IPIP-NEO (International Personality Item Pool Representation of the NEO PI-R™) [31] ). 
Procedure
The design teams were tasked with redesigning an electric toothbrush for increased portability. Two of the three sections (37 students) re-designed the Oral-B Advance Power 400 electric toothbrush while the other section (18 students) redesigned the Oral-B Cross Action Power electric toothbrush, both seen in Each team was given two hours during one class period to perform a product dissection of the electric toothbrush they were assigned to redesign. During this activity, participants were asked to develop a bill of materials for each subcomponent and identify the team member that led each individual part dissection. The dissected toothbrushes are shown in Fig. 1 . A week later, the participants attended a brainstorming session, where each team member was given 30 minutes to generate as many ideas as they could for the redesigned toothbrush without consulting the other participants. Participants were asked to sketch as many concepts as possible, writing notes on each sketch such that an outsider would be able to understand the concepts upon isolated inspection. They were also asked to focus their ideas on either the brush head or the body design of the toothbrush (Example in Fig. 2 ). This distinction of product categories was made because of significant differences in the form vs. function focus that have been shown to play a role in the perceived quality of the final design [32] . In total, 18 participants generated ideas for the brush head, 15 for the body design, 19 participants generated ideas for both categories, and 3 participants did not generate ideas for these two categories. On average, participants generated 3 ideas for the toothbrush body and 4.5 ideas for the toothbrush head. In total, there were 207 and 208 generated designs for the brush head and body designs respectively.
Metrics
To quantify the degree of design novelty for the ideas developed, the metrics developed by Shah et al. [1] were utilized including: (1) novelty of each feature, (2) novelty of each design, and (3) and novelty per participant. While Shah et al.'s work on the novelty metric provides a method of studying creativity, researchers such as Nelson et al. [33] and Srivathsavai et al. [34] have discussed the original metric's limitations, such as inaccurate representations and poor interrater reliability. Therefore, the novelty metric was considered on various orders (feature novelty, design novelty, and participant novelty), and the raters were trained prior to the actual rating to increase the inter-rater reliability.
In order evaluate the novelty of the designs, two independent raters were recruited to judge each idea. Thirtyone questions were developed to identify the features that each design addressed, as seen in the Appendix. These questions were developed using the principles of exploratory qualitative analysis [35] , and initially were tested against the design concepts to ensure that all the variations present in the designs were addressed. The raters were asked to rate each generated idea in order to identify the features that the idea focused on. The inter-rater reliability was 85.2% when the responses were grouped by novelty (1 or 2 = not novel, 3 or 4 = novel). Disputes were settled in conference between the raters as was done previously by Chrysikou et al. [36] ), and a Cohen's Kappa of 0.759 was achieved for the rating method.
Ideas that were rated as being different from the original design, based on a specific feature, were considered to address that feature in their design. The rating scale (example in Fig.  3 ) was developed in order to account for the variation in design presentation, with design ideas presented visually, in writing, or both. In order to examine the effects of the dissection activity on the level of novelty of each design, several metrics were defined:
# Parts Exposure Unranked:
The number of parts each participant dissected within each category (brush head and body design).
# Parts Exposure Ranked:
The ranking (1-4) of # parts exposed unranked for each team member in a design team within each category (brush head and body design). A participant with a score of 4 dissected the most parts in their design team.
# Ideas, k:
The number of ideas each participant generated for each category (brush head and body design).
Feature Novelty, :
The novelty of each feature, i, as it compares to all other features addressed by the generated designs for each category (brush head and body design). Feature novelty, , can then vary from 0 to 1, with 1 indicating that the feature is very novel compared to other features. The method of computing f is shown in Eqn. 1. Where T is the total number of designs generated for each category (brush head, body design), and C is the total number of designs that were rated 3 or 4 by the raters (different from original design) for each feature. An example calculation of feature novelty is shown in Tab. 1, where concepts 1 through 4 are example fictional concepts used to illustrate the calculation. The table indicates if the concept addressed a particular feature, and shows how the more addressed a feature is within the sample, the less novel it is considered.
(1) 
(2)
Where N is the total number of features addressed by each design for each category (brush head and body design) that was not rated a 5 (Not Explicitly Stated) by the raters.
Participant Novelty, P:
The novelty of each participant for the idea generation activity, determined by the combined effect of the Design Novelty, , of all the ideas the participant generated for each category (brush head and body design). Because P is computed for all the designs a participant generated, P must be divided by the #ideas generated, k, to get a normalized value. Consequently, P can range from 0 (not novel for all designs), to k (very novel for all designs). Participant Novelty, P is computed using Eqn. 3, and calculations for example design are shown in Tab. 2.
(3)

Statistical Analysis
In order to address our first hypothesis that the participant novelty for the generated designs was impacted by the exposure to the dissection activity, an ANCOVA was performed with the number of parts exposure (ranked and unranked) for the brush head and body designs as the independent variable, participant novelty, P, as the dependent variable, and semester standing as a covariate.
For our second hypothesis stating that the personality attributes affect the exposure to the dissection activity, a second analysis was completed. To explore the effect of personality traits on the dissection activity, and thus, the participant novelty, a Pearson two-tailed significance test between personality traits, semester standing, and # of parts exposure (ranked and unranked) was performed. To more directly examine the impact of personality on participant novelty, an ANCOVA was performed with the dependent variables being number of ideas and participant novelty, and the independent variable being the five personality traits analyzed independently. The covariates for all the five ANCOVAs were semester standing and the number of parts exposed (ranked) for both the brush head and body designs. The interaction being studied is between exposure to the dissection activity, personality traits, and participant novelty is Figure 5 . Additionally, profile plots were generated by categorizing the personality traits into three groups (lowest, average, highest), with cut-off scores being half a standard deviation from the mean, as was done previously by Garcia et al. [37] . SPSS v 20.0 was used to perform all of the statistical tests. The level of significance was 0.05.
RESULTS
Exposure to Dissection Activity and Participant Novelty
Our first hypothesis was that the exposure to the dissection activity impacts the novelty of the generated designs for each participant. The ANCOVA results revealed that the relationship between the number of parts exposed (ranked) for the body designs and participant novelty was marginally significant (F = 2.456, p <0.07), see Figure 4 for profile plot. Similar results were found for the brush head designs (F = 2.275, p <0.09), see Figure 5 for profile plot. This suggests, that for both the brush head and body designs, participants that dissected the most number of parts tended to generate more novel ideas than those that dissected less number of parts. When the same analysis was conducted using the unranked number of parts exposure variable, the relationship between the number of parts exposed (unranked) for the body designs (F = 1.236, p > 0.3) and brush head designs (F = 1.384, p >0.2) was found to be not significant.
In other words, the exposure to the dissection activity alone could not account for the variation found in participant novelty. Therefore, further investigation is required to explore this relationship. 
Effects of Personality and Product Dissection on Novelty of Generated Ideas
The second question we sought to address was if the exposure to the product dissection activity was impacted by individual personality traits. Our correlation test between the number of parts exposed ranked for the brush head designs and personality traits revealed that extraversion (r = 0.313, p < 0.01) and conscientiousness (r = 0.242, p < 0.03) were significantly correlated with the number of parts exposure ranked. This means that participants who scored high on extraversion and conscientiousness dissected more brush head parts compared to their teammates. There were no significant correlations for the body design, indicating that personality did not play a factor in the number of parts the individual dissected for that category. When personality traits were analyzed for their effect on the number of parts exposed unranked, significant results were found for the neuroticism personality trait (r = -0.234, p < 0.04), and the conscientiousness personality trait (r = 0.32, p < 0.01). In other words, those that scored high on conscientiousness dissected more brush head parts, and those that scored high on neuroticism dissected fewer brush head parts compared to the entire participant pool. To further our analysis, a test for the homogeneity of regression (slopes) between the number of parts exposure ranked and the personality attributes was performed. The results revealed that extraversion, conscientiousness, and openness did not differ from the covariates: number of parts exposure for brush head, p>0.83; number of parts exposure for body design, p < 0.53; or semester standing, p < 0.67. Therefore, a second analysis was performed with an ANCOVA and these attributes.
The ANCOVA results indicated a significant relationship between the participant novelty, P, and extraversion (F = 2.07, p < 0.02), conscientiousness (F = 1.78, p < 0.05), and openness (F = 0.20, p < 0.02) when we adjusted for semester standing and the number of parts the participant was exposed to during the dissection activity (# of parts exposed ranked for brush head and body designs). An ANCOVA between the # of ideas and personality traits revealed a significant relationship for openness (F = 2.11, p < 0.011), and a relationship trending towards significance for conscientiousness (F = 1.649, p < 0.069) using the same covariates.
In order to explore these relationships, profile plots were generated for each of the significant relationships found, and the marginal means for each level of the personality traits are shown in Table 3 . The covariates were evaluated at the following values: semester standing = 1.91, # parts exposed (ranked) for brush head = 1.58, # parts exposed (ranked) for body design = 1.40. These results indicate that the novelty of the generated ideas for each participant is in fact related to the personality attributes of individuals within an engineering design team.
DISCUSSION
The purpose of this paper was to explore the interaction between product dissection activities, personality traits, and novelty of the generated designs. It was hypothesized that the exposure to the dissection activity would increase the novelty of the designs generated by each participant. In addition, because this dissection activity was performed in a team environment, the individual personality traits were hypothesized to impact each participant's exposure to the dissection activity, and thus, the novelty of the generated designs.
Exposure to Dissection Activity and Participant Novelty
The results from our study indicate an overarching relationship between exposure to the dissection activity, individual personality traits, and the novelty of the generated designs, as illustrated in Fig. 5 . Our analysis of exposure to the dissection activity and participant novelty revealed that participants who dissected more parts (brush head and body) generated ideas that were more novel when adjusting for semester standing (Fig. 5a ). However, this relationship was not statistically significant (at the p <0.05 level) but was showing a trend towards significance (p <0.1) for the brush head and body dissection. One possible reason for this result is that the novelty of the generated designs is not only impacted by the exposure to the dissection activity, but by other variables such as individual personality traits and semester standing. 
Effects of Personality and Product Dissection on Novelty of Generated Ideas
Further analysis revealed that the individual's personality traits impacted their exposure to the dissection activity (Fig  5b) . In particular, we found that that the more extraverted or conscientious a participant was, the more likely they were to participate in the dissection activity. This was only true for the body design dissection activity, and not the brush head design dissection activity. One possible reason for this discrepancy is that the body of the toothbrush has less parts to dissect than the brush head designs (Oral-B Advance Power: 8 parts for brush head, 9 parts for body design, Oral-B Cross-Action: 7 parts for brush head, 6 parts for body design), thus, reducing the effect of the exposure to the dissection activity. Another possible explanation for this difference is that the brush head appears more related to function, whereas the body design appears more related to form. These two factors could impact the degree to which each generated design differed from the original design. The effect of personality on the exposure to the dissection activity agrees with prior research that has shown that extraversion has been positively linked to successful team performance [27] , and conscientiousness has been shown to be negatively correlate with social loafing [28] .
Our results also revealed a significant relationship between personality attributes and design novelty (Fig. 5c) . Specifically, participants that were highly extraverted generated more novel ideas than participants that were only moderately extraverted. The same result was found for the openness personality trait. In contrast, participants that scored average on the conscientious personality trait were the most novel in their idea generation. The number of ideas generated by each participant also appeared to be affected by the openness personality trait, but did not differ enough to be considered meaningful (difference of 0.51 ideas). This result suggests that participants that generated many ideas did not necessarily generate novel ideas. The significant and complex relationship between personality traits, and novelty of the generated ideas is important because it implicates personality in the generation of novel designs, and hence, the overall design process.
Exposure to the dissection activity was also found to impact the novelty of the generated designs as seen when used as a covariate in our analysis. These results support our hypothesis that personality traits and exposure to the dissection activity conjointly influence the novelty of designs generated by the participants. These relationships have to be examined in-depth in future studies to gain a better understanding of its role in the design process.
The difference in results seen between the ranked and unranked scores of exposure to the dissection activity suggests that team dynamics play an important role in the product dissection activity. When compared within the team, the extraversion personality trait was significantly correlated to exposure to the dissection activity. In contrast, neuroticism impacted the exposure to the dissection activity only when comparing across all participants (across teams). Interestingly, conscientiousness affected exposure to the dissection activity regardless of comparison within the team. Lastly, the use of semester standing as a covariate in the analysis indicates a significant impact of experience within engineering on design novelty.
Conclusion
Overall, our results suggest that the novelty of generated ideas is potentially related to the exposure to a dissection activity and is indeed affected by the individual personality traits of designers. However, several limitations of the study should be noted. First, due to the fact that our participants could not be randomly prescribed personality traits, this study is exploratory in nature, thus, lacking the power of a fully designed experiment. Similarly, because we were unable to control for exposure to the dissection activity directly, other confounding variables such as drawing participants from different sections of the course, or having participants brainstorm individually instead of as a team, could have influenced the results of the study. We attempted to adjust for other confounding variables, such as semester standing in this study, but future studies should explore design novelty in a more controlled environment. In addition, future attempts should examine the differences between long-term and shortterm memory on the dissection activity's effects on design novelty. In other words, the novelty of designs produced through idea generation activities performed immediately after (as opposed to 1 week after) the dissection activity should be examined. In short, product dissection activities have to be examined in-depth in future studies to gain a better understanding of its role in the design process.
The results of this study, as well as the questions it raises, have important implications for engineering design research, because it builds on our understanding of cognitive processes as it applies to idea generation. Thus, by enhancing the idea generation process, the design process as well as design outcomes can potentially be improved. Future studies should explore the relationship between idea generation techniques of both the form and function of a product on design novelty. The combined effect of all the team member's personality traits should also be examined for its impact on design novelty in order to provide a deeper understanding of how team-based product dissection activities impact design novelty.
